ABSTRACT. Because instructional demands in literacy in the lower grades often limit instructional opportunities in other areas, including science, interdisciplinary approaches to training science educators are of current interest. This article describes the structure and impact of professional development activities for elementary and middle school teachers within a rural Ohio public school district (Gallia County Local) that aimed to address needs in both science and literacy. All teachers (n = 39) of grades three through eight who taught science and/or reading, including special education teachers, received targeted training on Earth & Space Science content and pedagogy and on strategies for teaching non-fiction reading within the science curriculum. Additional professional development was provided through one-on-one academic coaching sessions with teachers in their respective classrooms. Pre-and post-training teacher surveys were compared using a Wilcoxon signedranks test to determine statistical significance (α = 0.05) of any observed differences. The results indicate significant changes in instructional practices of participating teachers in several key areas, including increased usage of nonfiction reading (p = 0.04) and differentiated instructional practices within the science curriculum (p = 0.05). Comparison of student achievement scores on selected components of state-level assessments in reading and science also suggest a positive impact of the professional development in some areas. An increase in student proficiency in informational text and Earth & Space Science was observed after teachers received the training compared to the year prior to the training.
INTRODUCTION
The importance of increasing scientific literacy in the general population is well documented (AAAS 1990a , AAAS 1990b , NRC 1996 , NRC 2007 , NSF 2010 . As society continues to be driven by science and technology, functional scientific literacy has been deemed necessary for any individual to be a responsible and conscientious citizen (Laugksch 2000 , Shamos 1995 , McPhearson and others 2008 . However, increasing burdens, such as time constraints and high stakes testing, have forced some public school districts in recent years to decrease the amount of time and/or emphasis devoted to the science curriculum, especially in lower grades. This has spurred much discussion regarding possibilities for cross-disciplinary instructional strategies, such as teaching reading and science in a concurrent manner via increased usage of non-fiction reading within the science curriculum. Such strategies provide the benefit of increasing the amount of time potentially spent on science instruction. However, such strategies also increase the demands placed on teachers. Research suggests that quality teaching specific to reading
Interdisciplinary Professional Development for Teaching Science and Reading
readiness requires educators in the early and middle childhood years to be immersed in knowledge about language and literacy development (Dickinson 2006) . Effective science instruction is also likely correlated with the degree of content training of teachers. Considering that many multi-level analyses (Howes 1997 , National Institute of Child Health and Human Development 2002 , Phillipsen 1997 have reported teacher quality as a greater predictor of student skills than class size, school content and other related variables, the need for professional training opportunities in districts considering cross-disciplinary instructional strategies that combine reading and science is evident.
Research regarding design and effectiveness of professional training in both science and reading is limited. Although policy makers in recent years have targeted teachers of young children for greater professional development efforts through such examples as Early Reading First (No Child Left Behind Act 2002) and Good Start, Grow Smart (U.S. Department of Health and Social Services 2002) , researchers still have limited knowledge about the effectiveness of such professional training, or the impacts of the trainings on the instructional practices of teachers (Neuman 2009 ). Furthermore, the spirit of such policy changes did not include the cross-disciplinary integration of science with literacy training. Also lacking in these policy changes has been the emphasis on family involvement. Some research has demonstrated the importance of family involvement in the creation of reciprocal relationships that support the development of literacy skills (Dickinson 2006) . It is therefore speculated that family involvement may play a supportive role in students' learning and development in all areas, including science. In the recent report Taking Science to School (Duschl 2007) , the National Research Council (NRC) summarized that empirical research is still needed on the overall practices of building expertise in science teaching. This NRC report (Duschl 2007) also underscores the necessity for both teachers and parents to assist in children's learning of science, consistent with research (Dickinson 2006) emphasizing the necessity for parents to assist in children's development of literacy skills.
In an effort to contribute to the knowledge base for effective professional training of in-service teachers, this article describes the structure of interdisciplinary training in science and reading and its impact on teacher practices and student achievement.
STRUCTURE OF PROFESSIONAL DEVELOP-MENT PROJECT IN SCIENCE AND READING
The Gallia County Local School District from the Southeast Ohio region identified teacher needs in science and reading and formed a partnership with the science department at a nearby university as well as an educational service center (ESC) to provide inservice training to address these needs. Activities were primarily funded through a state-level grant, issued to the private university. The partnering school district was rural, encompassing nearly 400 square miles, and included five elementary schools, one middle school and two high schools. The average daily enrollment within the district at the time of the training was 2,432 students, with 96.1% of students being identified as white and 54.2% of students being identified as economically disadvantaged (2009 -2010 . All teachers of grades three through eight who taught science and/or reading in the target district participated in this professional development project, including those special education teachers who worked in concert with science and/or reading teachers in inclusion settings. A total of 39 teachers participated in the project, although not all 39 teachers participated in all activities (there were some absences due to illness, conflicts, etc.).
The Educational Service Center was contracted to recruit, hire and train academic coaches from the area who would provide one-on-one coaching sessions with the participating teachers in their classrooms. The academic coaches were selected based on demonstrated expertise in either science or literacy. Most of the coaches hired for this project were well respected, certified Master Teachers who had retired from surrounding districts in recent years. The private university served as the fiscal agent and supported the Principal Investigator for the project, a full-time science faculty member with experience in STEM-focused professional development for in-service teachers. External facilitators were hired to deliver workshops to participating teachers throughout the academic year. An external evaluation team was contracted to evaluate the project relative to the stated goals of the partnership.
By providing targeted professional development activities in content and pedagogy to all teachers of science and reading in grades three through eight in the partnering school district and by providing activities that would expose parents to their students' science curriculum, the project's aim was to increase student achievement in science and reading. The following five specific goals of the project were articulated for participating teachers and their students:
1. I ncrease usage of nonfiction reading within the science curriculum 2. Increase inclusion of differentiated instructional practices within the science curriculum 3. Increase science content knowledge of students 4. Increase the students' motivation for literacy 5. Increase parental participation in after school science activities To accomplish these goals, participating teachers engaged in a four day workshop focusing on content and related pedagogy surrounding the Earth & Space Science strand of the state science standards, as well as a two day workshop focusing on the teaching of non-fiction reading within the science curriculum. In addition, participants had the opportunity for follow-up one-on-one academic coaching sessions throughout the academic year in their own classrooms. Nearly all of these professional development activities occurred during the normal school day (i.e., "on-theclock"), ensuring the partnering district was able to commit 100% of its science and reading teachers to the project, including teachers with the greatest needs. Details regarding the focus of each of these activities are presented in the following section.
FOCUS OF PROFESSIONAL DEVELOPMENT ACTIVITIES
A four day workshop focusing on content and related pedagogy surrounding the Earth & Space Science strand of the state science standards was delivered to participating teachers. This workshop module was based on work supported by the Ohio Department of Education (ODE grant number OSCI 7-10 3D2G-200-667-OSCI-04DR-02), and included five unitstopography, earthquakes, volcanoes, paleomagnetism, and plate tectonics. Although the workshop included materials that teachers could use in their classrooms, the workshop was designed with the primary objective of improving teacher content and pedagogical knowledge. Throughout the workshop units, the inquiry method of teaching was followed as much as possible, and activities conveyed the following key ideas: 1.) scientific data are real; 2.) scientific data come from many individuals all over the world who have taken measurements in a manner similar to the methods used in the workshop activities; and 3.) science is both a body of data that has been accumulated and a process that is followed to accumulate data. All activities used throughout the workshop were designed to lead to conclusions about plate tectonics, stressing that the discovery of patterns in scientific data of topography, spatial distributions of earthquakes and volcanoes, and paleomagnetism have led to the theory of plate tectonics. An external facilitator trained and approved by ODE to deliver this workshop module was hired to provide the training to participants on staggered days during the academic year. Participants received a total of 32 contact hours of professional development relative to this training.
A two day workshop focusing on content and related pedagogy surrounding the teaching of non-fiction reading within the science curriculum was also offered to participating teachers. This workshop was designed and delivered by an external facilitator from the Midcontinent Regional Educational Laboratory (www. mcrel.org), and overviewed key premises to teaching content reading skills. These key premises included schema theory, prior knowledge, metacognition, the reading and writing relationship, collaborative interactions, as well as interactive elements of reading (reader, climate, and text features). Participants were trained on systematic vocabulary instruction, such as using nonlinguistic representations, concept definition mapping, semantic mapping, and verbal and visual word association. Participants were also trained on text style/ structure, with special emphasis on informational text as it is the prevalent text style implemented in science curricula. Participants received a total of 16 contact hours of professional development relative to this training.
In addition to workshop training, academic coaching sessions occurred on-site with participating teachers throughout the school year to provide individualized professional development opportunities as well as follow-up sessions relevant to the workshop training. Although originally designed as a mathematics coaching model, these coaching sessions were loosely guided by David Foster's pedagogical content coaching model (Foster and Poppers 2009), with the ultimate goal of the one-on-one sessions being the improved instruction of each participating teacher. The fundamentals of the coaching model were to create a trusting relationship between the coach and teacher, to utilize effective listening skills and strategic questioning to promote reflection by the teacher, and to employ data collection and thoughtful feedback related to teacher and student behaviors. The sessions often included team teaching activities, lesson modeling by the coach, and/ or constructive observation by the coach of a lesson delivered by the participating teacher. Various coaches with differing areas of expertise (science or literacy) were available to the teachers throughout the year. Sessions were scheduled between a coach and a participating teacher on an individual basis in an effort to prevent the sessions from interfering with other facets of the teachers' schedules. The number of coaching sessions and nature of the coaching sessions varied greatly between participating teachers and coaches.
In addition to these professional development activities, teachers were also tasked with helping to design and deliver science-focused "Family Night" events at each of the four schools within the target district. These events aimed at engaging families in their children's science education. One event was hosted by each of the partnering schools in the spring of the project year. At each event, there were various activities available throughout the school. The main activities included a 20-minute bug show and inflatable star lab, both provided by a local center for the arts and sciences (the Clay Center, Charleston, WV), and a talk about an author's science-relevant experiences in a rainforest, which was structured to be appropriate for both parents and children. Students and parents rotated through rooms housing short (15 minute) teacherguided activities including "Color Changing Milk, " "Invisible Balloon and Screaming Balloon, " "Hoopster Air Planes, " and "Celts, Mystery Sticks and Floating Rice, " which were adopted from various elementary science education resources.
IMPACT OF PROFESSIONAL DEVELOPMENT ON TEACHER PRACTICES AND STUDENT ACHIEVEMENT
To assess the efficacy of the professional development activities, impacts were assessed using quantitative and/ or qualitative measures with data collected from key project personnel, participating teachers, parents, and students who attended the target district. Specific data sources included student achievement scores on statelevel exams in science and reading, student vocabulary and reading attitude assessments, instructional practices surveys, and Family Night observations and participant satisfaction surveys.
Impact on Teachers
The project's impact on changes in the instructional practices of participating teachers was assessed relative to increased usage of nonfiction reading and inclusion of differentiated instructional practices within science curriculum. Participants completed a 26-item instructional practices survey prior to the training and again at the end of the school year, which required them to rate items regarding specific instructional practices using a frequency scale from zero to four where zero indicated none, 1 little, 2 some, 3 moderate, and 4 considerable. Of the 36 participating teachers, 25 teachers had matching pre-and post-assessment measurements. The results were analyzed using a Wilcoxon signed-ranks test to determine statistical significance (α = 0.05) of any observed differences between pre-and postmeasurements. Statistically significant positive changes indicated that after the completion of the professional development activities more science class time was being allowed for addressing students' strengths and needs and for giving students more opportunities to display their individual strengths (i.e., differentiated instructional practices), and also for students to read about science in books, magazines and articles that were not textbooks (i.e., increased usage of non-fiction reading within the science curriculum). A statistically significant positive change also indicated that after the completion of the professional development activities more science class time was being allowed for students to work on real world problems that were relevant to the student. Table 1 summarizes the positive impact on teachers' instructional practices.
Impact on Students
Student achievement gains were assessed by collecting de-identified student-level data on state achievement tests. State student achievement in reading was assessed at all grade levels in this study. However, science was assessed only at the fifth and eighth grade levels. In addition, because all teachers of science and/or reading in the target grades participated in the professional development activities, the district's student achievement data in reading and science were analyzed in aggregate. The impact on students of participating teachers was assessed to determine if the professional development activities resulted in an increase in students' motivation for literacy, as well as an increase science content knowledge of students. A modified Elementary Reading Attitude Survey (McKenna and Kear 1990) was employed to assess change in student motivation for literacy. A positive change from pre-to post-measures would indicate that students reported more positive feelings about the questions asked in the post-test, and a negative change indicates that students feel less positively about what is asked. Students completed the instrument in the fall and again in the spring. Five hundred and seventy-four students' pre-tests were matched to their post-tests. For each question, students were given a choice of "I really don't like it, " "I don't like it, " "It's okay, " "I like it, " or "I really like it." The responses were scored on a scale of one to five, and the average scores for the pre-test and the post-test were then compared using a Paired Samples T-Test for statistical significance (α = 0.05).
The student surveys show mixed results regarding the students' motivation towards literacy, yet generally appeared to become less positive over the course of the academic year. A statistically significant change was observed in how the students felt about reading a book in school during free time, reading for fun at home, getting a book for a present, spending free time reading, reading different kinds of books, reading in school, reading school books, using a dictionary, and reading in science class. All of these changes show that the students felt less positively about the stated questions. However, a statistically significant positive change was observed in how the students felt about reading a book on a rainy Saturday, about going to a bookstore, when they read out loud in class, about taking a reading test, about reading science books, and about learning from science books. Aggregate analysis of the 574 matching surveys showed that 303 students' scores decreased (became less positive) while 238 increased (became more positive) and 33 remained unchanged.
In addition to these attitude surveys, student achievement data on state-level reading assessments were also analyzed. One method for analyzing the project's impact on students with regards to literacy was to compare students' scores in reading from the year prior to the project with students' scores from the end of the project year. For example, scores from third grade students the year prior to the project were compared with their individual scores for the assessment administered at the end of the project year, during which they were in the fourth grade. Students whose scores were not available for either year were excluded, as were students who were identified as having an Individual Education Plan (IEP) in reading for either year as these students may have been tested using an alternative assessment instrument. The first analysis of student reading assessment data examined the number of students who were proficient or above in the subcategory of Table 3 compares the state, like districts, and the target district on student achievement in the Earth and Space Science content standard strand of the state achievement test from the year prior to the project and again for the intervention year, as this subcategory was perceived as being the most closely related to goals of the professional development activities. These data represent the percentage of students scoring above proficient on this strand of the assessment. Eighth grade students from the target district showed a slight gain from before to after their teachers received the intervention, although it should be noted that these are different students. In addition, any increase in proficiency cannot be exclusively attributed to the intervention as this comparison lacked a control group design. However, by comparing changes within the target district with changes in both similar districts as well as the entire state, some degree of impact from the project can be determined. At the fifth grade level, both the state average and average for similar districts decreased over this time period, yet the target district performance level stayed constant. Although the increase in performance within the target district at the eighth grade level was not as substantial as that observed for both the state average and average for similar districts over this time period, the target district did increase its performance to a level considerably higher than observed elsewhere in the state.
Reading Informational Text, since this subcategory was perceived as being the most closely related to goals of the professional development activities. When summed, it was observed that across grades 3 through 8, a total of 81 more students were proficient or above in informational text at the end of the project year than in the year prior to the project year. Table 2 shows the target district's proficiency levels in the Informational Text subcategory as compared to the state and "like districts" (determined by the Ohio Department of Education for each district using various metrics). Though not matched groups of the exact same students, the cohorts of students within the district moving from one grade to the next across years can be compared for change. Four out of the five groups with two years of data (third through seventh graders in the year prior to intervention, who moved to fourth through eighth in the intervention year) had an increase in the percentage of students above proficient in reading informational text. It should be noted, however, that like districts also had similar improvements as did the state, and the eighth grade gain was greater in the like districts and the state. Student reading scores were also compared to determine scoring differences at the individual student level from year 1 to year 2. Students who did not have scores for both years and students with IEPs were not included in the analysis. Overall, slightly more students' total reading scores increased (n = 346) than decreased (n = 330) from 2009 to 2010. 
Impact on Parental Engagement
Parental engagement was assessed through an observation conducted at one of the school-based Family Nights, staff interviews and parent survey responses. In total, over 1,000 parents/community members attended the Family Night events. The response from parents, children and staff was overwhelmingly positive. A satisfaction survey was distributed at each of the events, and 205 completed surveys were returned. Only 24 respondents indicated they had attended a prior science night event. On a scale of one to ten (with one being the lowest and ten being the highest), survey respondents rated the event they attended as 9.3 both in overall quality and in regards to how well they perceived the event as a learning experience. When the data were separated by school, there was little difference among them or in comparison to the overall means. That is, the average response by school on the same survey questions was between nine and ten. When asked whether those who attended an event learned anything related to science at the event, over 90 percent of the responding parents indicated "yes." The same is true when each school's data were considered individually. The survey also queried parents about how often they encourage their children to read about science and how often they talk with their children about science. Nearly 70% of the respondents indicated they often or very often encourage their children to read science-related materials. This same response rate was also observed when asked how often parents talk to their children about science-related topics. Parents were also asked to provide comments about the science night they attended. Below is a list of representative comments that include one comment from an attendee from each school building: Collectively, these results suggest the activities were successful at promoting parental engagement in their children's science education, at least temporarily.
CONCLUSIONS
Increasing burdens, including time constraints and high stakes testing, have forced some public school districts in recent years to decrease the amount of time and/or emphasis devoted to the science curriculum, especially in lower grades. When education funding formulas penalize districts for underperformance in math and reading, yet do not penalize or penalize less for underperformance in science, the resources devoted to science instruction are quickly reinvested in other areas. Thus, interest in interdisciplinary approaches to teaching other disciplines within the science curriculum, including math and reading, is growing. Such strategies provide the benefit of increasing the amount of time potentially spent on science instruction while remaining cognizant of other needs. However, such strategies also increase the professional demands placed on teachers. To be exemplary at teaching science, educators must have strong content and pedagogical knowledge across the various strands of science. This, in itself, is a difficult task, especially when considering the rate of scientific discoveries and new advances in theoretical models. To then additionally task teachers with becoming exemplary in their abilities to teach literacy skills is even more difficult, warranting considerable in-service training opportunities. This report provides a description of the professional development activities and their impact on teacher practices and student achievement, and it may provide educators with guidance in the planning of related professional development activities. Analysis of the teacher instructional practices pre-and post-test data indicates that the professional development activities offered through this project were effective in increasing the usage of nonfiction reading and differentiated instructional practices within the science curriculum. The reported changes were particularly relevant given that the training activities specifically targeted science and literacy needs. Analysis of student achievement data may also indicate that the training was effective in increasing student content knowledge in science and reading. However, the assessment instruments and methodology used with respect to student-level impact were selected out of economic necessity. This project was not designed nor intended to provide validated results concerning its impact, and the project budget did not permit such evaluation methods and/or instruments. Although the use of state achievement tests to compare differences in proficiency is cost-effective, the transient nature of such instruments and the absence of a control group evaluation design make such a determination difficult. In addition, studies comparing the results from validated instruments that assess student content knowledge with state achievement tests in science have revealed significant discrepancies in the levels of student achievement as well as in student achievement gains (Koretz and Baron 1998 , Lee 2007 , Linn and others 2002 . Regardless, the cost-effectiveness of such state-level student data warranted the usage of these instruments. Further, this metric may be of primary concern to district administrators when planning related in-service training (i.e., will the training increase state test scores?). Interestingly, the student survey results appear to indicate that the project's activities were not effective in increasing students' motivation for literacy. Survey results showed that positive student attitudes towards reading declined from fall to spring during the intervention year. Although related changes in student attitude have been reported previously (Hill and others 1995 , Shrigley 1990 , Simpson and Oliver 1985 , Simpson and Oliver 1990 , Talton and Simpson 1985 , student fatigue at the end of the school year may have also contributed to attitudinal changes. With respect to impact on the parent-level, the assessment results suggest that the Family Night activities were very effective in promoting parental engagement in their children's science curriculum, at least through their short-term participation in the after school science activities. It is not clear if/how this engagement translated into student achievement or motivation. However, parental involvement and support should not be underestimated in influencing student achievement. Even short term increases in parental engagement have the potential for meaningful impact on student achievement.
When considering engagement in a district-level professional development project, educators need assurance that there will be a positive impact at both the teacher and student levels with respect to the time and effort that will be required. The activities described in this report provided the opportunity for the teachers involved to receive a substantial amount of training in both science and reading. The pre-and post-measurement for the teachers suggest significant improvements in instructional practices in some key areas. For students, it is difficult to conclusively assess the impact of the project given the short time frame of the evaluation and the methodology employed. However, student achievement scores in reading (Informational Text) and science (Earth & Space Science) improved, and the assessment data also suggest the time and effort was effective in engaging parents in actively taking part in educational science activities with their children. In summary, this report describes activities that could be easily replicated by other school districts, and provides evidence that interdisciplinary professional development which aims to increase science and reading content knowledge and classroom practice can effect positive teacher change and improved student achievement.
